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ABSTRACT
Protecting the groundwater resource in the Warri Deltaic Plain sand from the impact of
anthropogenic contamination requires an understanding and knowledge of groundwater flow
paths, transport processes and the source of contamination. This study was carried out to find
out contaminant transport from solid domestic waste sites to the groundwater. The U.S.
Geological Survey three-dimensional finite-difference code, MODFLOW, was used to
simulate the groundwater flow. The flow pattern reveals predominantly downward flow, with
major horizontal motion towards towns around Ekurede Urhobo and Ekurede Itsekiri in
Warri. Simulation of advective contaminant transport using MODPATE1 for particle tracking
indicates local movement of particles from Ekpen, Ekurede Itsekiri and Okumagba layout to
wells in Effurun, Okumagba layout, Japka Raod, and Ekurede Urhobo.
Results from analysis of chemical parameters in groundwater samples near the dump sites in
Warri and Effurun, revealed Pb levels that vary between 0.01mg/l to 0.1mg/l, Fe between
0.02 to 0.8 mg/1, and Electrical Conductivity of 33.7 to 735 ps/cm. Microbiological analysis
indicated that coliform bacteria were detected in well samples. Water from most wells in the
study area is considered not potable for consumption.
Municipal solid waste which is considered a source of pollutants, and open dumping of non
segregated waste at undeveloped lands and streets were found to be a factor in groundwater
contamination. This study focused on the Somebreiro -Warri Deltaic plain sands, where near
surface hydrogeological characteristics allow rapid transportation of contaminants from
surface to the groundwater system.
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CHAPTER ONE

Introduction
1.1

Background to Research
Groundwater plays a critical role in the life of human. Individuals, organizations
and government have harnessed groundwater to solve the problem of public water supply
in the cities of Warri and Effurun Nigeria. Many boreholes drilled and wells dug by
individuals, organizations and government to access the shallow Warri deltaic plain sands
aquifer, which needed fewer investment. Less attention has been given by the individuals
and governments to the quality of water from these shallow wells and boreholes found all
over the cities. Municipal solid waste is a source of pollutant in major parts of the two
cities. Undeveloped lands in most areas in the Niger Delta are used as waste sites, owing
to the lack of enforcement of relevant environmental laws, coupled with rapid population
growth and development. Poor management and the indiscriminate dumping of municipal
wastes in Warri and Effurun, has created open dumping of non- segregated waste.
Shallow wells are easily polluted by surface contaminants, producing water of
poor quality and causing negative consequences to public health in the area. Nwachukwu
et al. (2010) Adekunle et al. (2007) and Olabisi et al. (2008) have reported causes of
shallow well pollution and the consequences to public health in different parts of Nigeria.
There is high population growth rate in the area since the discovery of petroleum.
Over 40% of the population has no access to good drinking water or good sanitation
(World Bank, 2000). Almost 80% of the population in the two cities of Effurun and
1

Warri rely on wells and boreholes drilled by individuals for domestic use, which are the
main sources of drinking water. The larger population depending on boreholes and
shallow wells are still at risk due to the predominance of substandard shallow hand driven
wells, which are alternative sources of water for many. There are cases of well pollution
and distribution of water of poor quality, mostly identified by consumers through taste,
odor, and color. These are poor living habit that has been characterized by poor waste
management and sanitation.
Most groundwater supplies in Warri and Effurun are derived from an unconfined
aquifer which consists of loose soil materials such as sands, gravels and floodplain
deposits left by streams and rivers. The rate of groundwater movement is in the order of
feet per year; thus pollutants that enter groundwater require many years before it is
carried to monitored wells (Oseji et al., 2005; Okolie et ah, 2005). The rate at which
groundwater flows can be determined by the pore sizes of the spaces in soil or and how
well connected the pores are (Oseji et ah, 2009).
Groundwater tends to flow toward streams, rivers and boreholes. Groundwater
flow in aquifers does not always reflect the flow of water on the surface. Know
groundwater flow direction will help to map out area that recharge groundwater, and help
protect against activities that poses threat to the quality of groundwater. With such
information, one could also predict the movement of contaminants through local
groundwater systems, since contaminants move in the direction of groundwater flow
(Buddemeier and Schloss, 2000).
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Groundwater in the alluvial deposits of the Warri plain is contaminated from
various sources. These are grouped as recharge of groundwater via infiltration from
Warri River, infiltration of municipal waste into groundwater from septic tanks,
agricultural, principally

irrigation

and fertilizer application, and toxic chemicals.

Gasoline tanks, liquid propane gas, hydrocarbon and oil exploration also contribute to the
pollution (Ibe and Agbamu, 2000).
One major contributing cause of groundwater contamination is credited to
leachate (Ikem et al., 2002). Leachate migrates from waste site or landfill and the releases
pollutants from sediment (under certain conditions). It poses a high risk to groundwater
resources if not adequately managed. Their impact on groundwater continues to raise
concern, and have become a subject of recent and past investigations (Ahmed and
Sulaimen, 2001; Fatta et al., 1999).
This study started with preliminary investigation of nine (9) sites in Warri and
Effurun covered with large amount of domestic wastes over years (Figures 3, 4 and 5).
The study will compare result of groundwater study done in the area with similar studies
done in other parts of Nigeria. The study of simulation of groundwater flow in Warri
deltaic plain sand will also be compared with previous research work on the simulation of
large-scale groundwater flow in the Niger Delta, Nigeria (Aremu and Olawuyi, 2002;
Nduke and Orisakwe, 2007; Ophori, 2007) to see if there are any similarities. The study
will be used to determine whether domestic waste has any effect on groundwater,
and to determine the rate of contamination and the distance and direction of contaminants
flow with the aid of a three dimensional finite-difference code, MODFLOW, and a
3

particle tracking code, MODPATH. Water sampling and analysis for iron, lead, zinc,
mercury, TDS, pH conductivity, TSS and coliform bacteria are part of the study, and will
be compared with previous water analysis done in the area. With this information, it is
hoped that a conclusion can be drawn on the level of contamination, the flow system
direction, and the relationship between the flow pattern and contaminant occurrences.
1.2

Location of Study Area
Warri and Effurun are located in the western portion and coastal zone in the Niger
Delta region of Nigeria. The area lies between latitudes 40° 17’ and 40° 35 N and
longitudes 6° 15’ and 6° 34’ E (Figure la and lb). The towns are prominent centers of
commercial activities in southern Nigeria. The area has major markets, a sea port, a
petroleum refining and petrochemical plants, a steel complex, and several oil fields.
These have created accelerated growth and urbanization in the area.

The base map of Warri and Effurun metropolis was collected from Shell
Petroleum Development Company (SPDC) Eastern Division Port-Harcourt. Warri
occupies a low lying area with height generally below six meters above sea level. The
area is drained by River Warri and its network of tributaries and creeks which empty into
the sea (Figure la and lb). The drainage pattern is dendritic, with tributaries branching
without a preferred orientation. The rivers are perennial and tide-influenced (Olobaniyi
and Owoyemi, 2006).
Warri and Effurun have a humid sub-equatorial climate with a long wet season
4

from March to October, and a short dry season from November to February. The annual
average temperature is 27°C with a small range of 3° C. The annual rainfall ranges from
2000 mm (78 in.) to more than 4000 mm (157 in.). The average évapotranspiration is
1000 mm (39 in.) with an effective rainfall of 2000 mm (78 in.) (Ophori, 2007). From
these, 37% or 750 mm (29.5 in.) is known to recharge the subsurface aquifers and 1250
mm (49 in.) flows directly overland into the streams (Akpokodje et ah, 1996). The
minimum ambient temperature recorded is 18° C (Opute, 2003).

5

Figure la Map of Nigeria showing the study location
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Figure lb Location map of Warri and Effurun showing communities
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1.3

Geological Setting
Warri is underlain by a sequence of sedimentary formations with thickness of
about 8000 meters. The Niger delta complex consists, in ascending order, of the Akata
Formation, Agbada Formation and Benin Formation and the Somebreiro Warri Deltaic
Plain Sand. (Olobaniyi et al., 2006). The detailed geology of the Niger Delta has been
discussed by several authors (Reyment, 1965; Allen, 1965; Short and Stauble 1967;
Weber and Daukoru, 1975; Owolabi et al., 1990; Koledoye et al., 2000).
The Akata Formation (shales intercalated with sand and sandstone), rests
unconformable on the migmitite-gneiss basement complex and forms the basal unit of the
Niger Delta Stratigraphic piles. These formations consist of an open marine facies unit
dominated by highly pressured carbonaceous shale. The formation ranges in age from
Paleocene to Eocene and its thickness could exceed 1000 meters. The Agbada Formation
(sand and sandstone intercalated with shale), consists of a sequence of alternating deltaic
sands and shale. It is Eocene to Oligocene in age, and exceeds 3000 meters in thickness.
It is the oil reservoir in the Niger Delta Basin. The Benin Formation (coarse grained,
gravelly sands with minor intercalations of clays) is Oligocene to Pleistocene in age. It is
predominantly of freshwater continental friable sands and gravel, which gives it good
aquifer properties. Its thickness exceeds 2000 meters.
Directly lying above the Benin formation is the Quaternary to recent alluvium, the
Somebreiro-Warri Deltaic plain sands (Wigwe, 1975). The formation consists of fine to
medium and coarse-grained unconsolidated sands which are feldspathic (30-40%
8

feldspars). The sequence is locally stratified with peat and lenses of soft and plastic clay
which could be sandy and shally. The thicknesses generally do not exceed 120 meters
and it is predominantly unconfined (Olobaniyi and Owoyemi, 2006).
1.4

Hydrogeology
The hydrostratigraphic units of the Somebreiro-Warri Deltaic plain sands have
been summarized using information from various studies by Lowden (1972), Etu-Efeotor
and Odigi (1983), Etu-Efeotor et al. (1990), and Izeze (1990). From Akpokodje et al.
(1996), four wells exist in the upper 305 m (1000 ft). The aquifers vary from unconfined
conditions at the surface through semi-confined to confined at depth. The aquifers are
separated by highly discontinuous layers of shale. Most of the groundwater supply wells
abstract water from these aquifers. Olobaniyi and Owoyemi (2006) and Akpokodje et al.
(1996) used eight layer hydrostratigraphic unit models in simulation of groundwater flow
in the Benin Formation. In the current study, it is assumed that the Benin Formation is
heterogeneously uniform and can be considered to be regionally homogeneous (Ophori,
2007).

1.5

Groundwater Management Models
Groundwaters have played a role in the domestic water of most countries today.
There has also been an increased use of groundwater to supplement surface water in
irrigation schemes to boost developing economies. The increasing realization of the
relevance of groundwater resources in national development has led to increased efforts
at understanding flow systems so as to maximize exploitation.
9

A groundwater flow simulation model is a computer generated imitation of the
groundwater flow region, based on a set of boundary conditions. Flow simulation models
have been used as management models to advice on groundwater exploitation in several
countries. Elaborate work on groundwater management models has been carried out in
the past (e.g, Gorelick, 1994; Lin and Yang, 1991; Yeh, 1992). Attempts are made to
simplify the complicated physical groundwater system using a system of equations and a
set of boundary conditions. Groundwater flow equations have been developed using the
Darcy (1856) law, and the law of conservation of mass. The three dimensional saturated
flow of groundwater of constant density through a porous earth material under non
equilibrium condition can be described by the partial differential equation (Don et al.,
2006):

(1 )

d
dx

dh
dx

d
dy

dh
dy

d
dz

dh
dz

dh
dt

---(Kxx--- ) + ---(Kyy--- ) + ---(Kzz--- ) = Ss----- W

Where Kxx, Kyy, Kzz are the hydraulic conductivities along the x, y, and z
axes respectively, which are assumed to be parallel to the axes of hydraulic conductivity
(LT'1). The dependent variable (h) is the hydraulic head (L), W is a volumetric flux per
unit volume and represent source /sink of water (T'1), Ss is the specific storage of the
porous material (L' ) and t is the time (T).
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Five methods can be used to solve equation 1. The most common ones are the finite
element and the finite difference schemes. On both the finite difference and the finite
element approaches, the differential equations are solved by replacing the continuous
system represented by the differential equations by sets of discrete points in time and
space, while the partial derivatives are replaced by differences in heads at this point.
The difference between these two approaches is the way in which the physical
system is discretized. The finite difference approach is simple to use and requires fewer
data input when compared to other numerical methods (Anderson and Woessner, 1992).
For effective use of the system in groundwater flow simulation, the understanding of the
physical hydrogeological system, the accuracy of the data used and code must be well
understood by the researcher.
Numerical simulation approach has been widely used in studying and predicting
effects of management decisions on watersheds. For example Ebraheem et al. (2003)
used a numerical simulation method to examine the groundwater resources management
option for a sandstone aquifer in southwestern Egypt. Result reveals an imminent threat
that the system will encounter if extraction levels exceeded certain critical values.
Simulation has been used all over the world to advice management decision on
groundwater allocation for different purposes. Don et al. (2004) used a simulation model
to determine the influence of groundwater extraction on land subsidence in Kyushu area
of Japan. Their conclusion was based on the simulation model that subsidence rapidly
occurs in the area, resulting from groundwater extraction from a well and borehole.
11

Nastev et al. (2005) developed a numerical groundwater flow simulation model in the
Quebec region as a support system to aid in the management of groundwater resources
for various uses in the area.

12

1.6

Previous Research

1.6.1

Previous field studies
Ophori (2007) simulated large-scale groundwater flow in the Niger Delta. Based
on derived information, a hydrogeologic conceptual model was constructed and used to
simulate steady-state groundwater flow. This study produced the initial understanding of
the groundwater flow pattern, and was a first attempt of gaining some insight into the
complex hydrogeological system of the Niger Delta. From several simulations performed
using the U.S. Geological Survey three dimensional finite-difference code, MODFLOW,
average groundwater discharge rates were calculated, and were assumed to be equal to
the recharge rates. Using a particle-tracking analysis the study revealed an average path
length and travel time of 86,908 m and 110 days for major discharge areas, relative to
shorter lengths and time of 20,257 m and 1.6 x 106 days for the discharge areas of the
predominantly local systems.
In a more recent study, Nduke and Orisakwe (2007) determined the level of heavy
metal and physico-chemical quality of potable water supply in Warri, Nigeria. According
to their final report, some of the elements analyzed were above the World Health
Organization (WHO) standard. In the course of their research, river water sampled by
Nduke and Orisakwe (2007) was found to have 1.2 mg/1 of cadmium, 1.0 mg/1 of
chromium, and 1.20 mg/1 of lead. However water samples from wells and boreholes in
eight districts within Warri and its environs showed low levels of heavy metals and
pollution. The pH of water was noticed to be more acidic in borehole water, and

13

conductivity was greater in well water at all the sampled stations. After determining the
percentages of Cd, Cr, and Pb, pH, total dissolved solid (TDS), electrical conductivity
(EC), total suspended solid (TSS), DO, COD, BOD and total coliform count of potable
water sources, they concluded that the levels of both metallic and non-metallic pollutants
showed a wide range of variation all through the communities in Warri and its environs.
They attributed this to their differential derivation from the source rocks and differential
discharge of untreated effluents originating from industries, aquaculture and domestic
waste. The study also showed that surface water and shallow well water show the
presence of coliform bacteria.
Recent research on groundwater quality in Warri shows the presence of some
heavy metals in groundwater which exceeded the threshold limits set by WHO for
drinking water (Aremu and Olawuyi, 2002). From the analysis of groundwater, using the
atomic absorption spectroscope, the levels of heavy metals known to be associated with
petroleum industry operations, including Pb, Ni, V, Cr, Cd, Zn and Fe were studied in
untreated groundwater in Warri. The study reveals that the concentrations of Pb, Ni and
Fe ranged from 0.06 to 0.44, 0.008 to 0.19 and 0.315 to 2.753 mg/1, which exceeded the
threshold, limits (0.01, 0.02 and 0.3 mg/1) set by the World Health Organization. Also, V,
Cr, Zn and Cd were present in very low concentrations in the study area. They agreed that
drinking some of this water could portend environmental hazards.
Olobaniyi and Owoyemi (2006) examined the hydrochemical facies of
groundwater in the Deltaic plain sands aquifer of Warri and its immediate environs. Their
results provide an insight into the underlying controlling hydrochemical processes in the
14

area. The presence of two factors: (Na, K, Cl, Mg) and (Ca, Mg, HCO3), extracted from
the dataset were found to represent the signatures of saltwater incursion, interaction with
geological matrix and dissolution of sulphur-related compounds of greater significance
was the decrease in intensity of the two factors away from the banks of River Warri. This
indicates a decrease in the concentration of ions (K, Na, Cl, Mg, Ca and HCO3) which are
predominantly responsible for the salinity of groundwater, implying that groundwater
quality improves away from the banks of River Warri with regards to the tested
parameter.
In a more recent study, Iwegbu et al. (2010) determined trace metal concentration
in soil profiles of municipal waste dumps in Warri. The concentrations of trace metals;
Cd, Pb, Cu, Cr, Fe, Ni, Zn and Co were studied from eight municipal waste dump sites
within footprint areas of 2,500-22,500 m2 and 4,750-42,500 m3 in volume in Warri and
its environs. The study revealed that concentrations of trace metals varied widely among
the different dumpsites, and decreased with depths in the studied soil profiles. The pH of
soil profiles decreased with increasing depth, ranging from 5.1 to 8.3. There was no clear
evidence of organic matter increase with depths of profiles.
Similarly, cations exchange capacity (CEC) showed a similar increase with depths
(Barry et al., 1995). The CEC increases with depth of profiles, credited to the increase of
clay content with depth. The significant variability in the concentrations of metals with
depths in the study area was associated with soil physiochemical characteristics and the
presence of contaminants. The study revealed higher concentrations of metals in soils of
waste dumps in comparison to those of the control sites, indicating that municipal waste
15

dumps contribute significant amounts of metals to the soil environment.
In finding out the elemental contaminants in groundwater, Omatayo (2006)
examined the presence of trace metals in ground water in a residential area of Lagos,
Nigeria. During the research, samples were collected and analyzed by Flame Atomic
Absorption Spectroscopy. The method proved to be better than an extractive
concentrations technique in quality assurance protocols. Mean concentration of trace
metals in water samples ranged from Fe: 0.05 - 0.47 m gf1, Al: 0.1-1.54 mgl"1, Cu: 0.141.39 m gf1, Zn: 0.04-0.43 mgl'1, Pb: -0.0, 03 mgl'1. His findings indicate the presence of
heavy metals constituents such as lead and cadmium above WHO and USEPA limits in
groundwater.
A hydrogeochemical assessment of groundwater quality in parts of the Niger
Delta by Amadi et al. (1989) revealed an enrichment in Na+, Ca2+, Mg2+, Cl", HCO3' ,
and SO42“ . The concentration of Ca2+ was found to be higher than Mg2+ which suggests
the encroachment of salt water. The encroachment of saltwater is further revealed by the
general increase in Cl’ and decrease in HCO3' content toward the coast (Mercado, 1985).
A preliminary study and laboratory analysis was carried out on water drawn from
15 hand-dug wells to find out the levels physical, chemical and bactériologie impurities
dissolved in the water (Efe et al., 2005). The preliminary field investigation was used to
determine the proximity of wells to sources of pollution, nature of the surrounding, and
depth of wells. The results of water quality from hand dug wells in Onitsha metropolitan
area of Nigeria, showed that wells located close to dump sites were more polluted in
16

terms of turbidity, TSS, conductivity, salinity, acidity, Pb, Fe and bacteriological quality.
It was concluded that well water qualities are unsafe for human consumption in the study
area, indicating that a wide range of human and anthropogenic activities impinge on the
urban environment (Efe, 2005).
In a related study (Ikem et al., 2002) evaluated the groundwater quality
characteristics near two waste sites in the cities of Ibadan and Lagos, Nigeria. Water from
a well, which is the major source of drinking water in the area, was monitored seasonally
for two years. Results from the study revealed that some groundwater constituents
exceeded the World Health Organization (WHO) standard for drinking water,
irrespective of source of pollution. Some of the groundwater was poor in quality in terms
of pH, conductivity, total dissolved solids , chloride, nitrate,00 ammonia, COD, AL, Cd,
Cr, Fe, Pb, Ni and total coliform bacteria, (Ikem et al., 2002) concluded that groundwater
from some of these private wells requires further purification to ensure its fitness for
human consumption.
1.6.2

Previous studies on solid waste in Niger Delta, Nigeria.
Solid waste in Warri and Effurun are similar to that formed in Port-Harcourt
(Ayotamuno, 2004). The study of municipal solid waste management in Port-Harcourt,
examined the high level of indiscriminate dumping of industrial waste by industries,
commercial and household, including, food waste, paper, polythene, textiles, scrap metal,
glasses, wood, plastic and others. It was found that effort made by non government
agencies and organizations, and by the private, and state governments to rid the
17

environment of these wastes have proved abortive (Ayotamuno, 2004). Population was
seen as an ingredient of urban solid waste management and disposal. With the rapid
population growth rate in the city Port Harcourt (Federal Office of Statistics, 2003), it has
become more difficult to efficiently manage solid waste where population is not taken
into consideration. Cities are generally regarded as the most efficient agent of waste
generation. This may be due to the heavy concentration of human populations as well as
industrial and commercial activities (Ayotamuno, 2004). The major sources and types of
waste generated in Port Harcourt include markets, schools, industries, residential,
commercial centers, automobile workshops, supermarket/grocery stores and the port
(Ayotamuno, 2004). This can be considered similar to that found in Warri and Effurun
that have the same urban status.
The study done on municipal solid waste characteristics and management in
Nigeria (Ogwuleka, 2009) reveals current solid waste management which is characterized
by inefficient collection methods, insufficient coverage of collecting system, and
improper disposal. He estimated the waste density in Warri to range from 280 to 370
kg/m and waste generation rates to range from 0.44 to 0.66 kg/capita/day. Constraints
faced by environmental agencies in managing solid waste include the non-availability of
formal recycling of resource recovery programs in Nigeria (Ogwueleka, 2003) and lack
of policy in composting. Current recovery/recycling operations are carried out mostly by
the informal sector. Factors affecting waste management also include the lack of
institutional arrangement, insufficient financial resource, and the absence of bylaws,
insufficient standard information on quantity and composition of waste, and inappropriate
18

technology. The study suggested the study of institutional, political, social, economic and
technical aspects of municipal solid waste management in order to achieve sustainable
and effective solid waste management in Nigeria.
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CHAPTER TWO
Methodology
Introduction:
This research is divided into four phases with the aim of achieving two major
goals: Find out the types of contaminants present in groundwater, and discover the flow
patterns and contaminant transport in Warri and Effurun. The first phase is a preliminary
study of selected locations and water sampling. Secondly, chemical analysis of water
samples using a Mp230 pH meter for pH testing, standard analytical methods for TDS
and TSS and Perkin Elmer 3110 atomic absorption spectrometry (AAS) in finding out
heavy metals (Figure 2). The third phase is flow simulation using information from a
groundwater flow model such as the topography, climate, geology, groundwater domain
geometry, physical hydrological characteristics, and hydrologic boundary condition. The
fourth phase is analyzing all results and comparing with similar research works
previously done in other areas.

Figure 2 Perkin Elmer ÌPlO atomic absorption spectrometer (AAS)

2.2

Preliminary investigation
The preliminary field investigation was aimed at locating dump sites and point
of water sample. The preliminarily investigated locations are presented in Figures 3 to 5.
The preliminary investigation reveals that the depth of wells in the area range
from 3 m to 5 m, and all water sampling locations are very close to dumpsites (5 m to 10
m).

Figure 3 Locations 1, 2 and 3
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Figure 4 Locations 4, 5 and 6

2.2.1

Solid waste dumps
From the preliminary field investigation, domestic waste dumping in the study
area can be grouped into three types, based on the disposal location:
Type-A or Impermanent dump: this is waste dumped across the fences of residential
buildings into undeveloped plots of land (Figure 3). They are mixed municipal waste
dumps that may remain until

of the dumped wastes are

washed by rains into drains, and to the municipal drainage system.
Type-B or Convenient dump: waste dumped at street side, which is predominantly
domestic waste, generated from homes and open markets (Figure 4). Wastes are dumped
in these locations mostly in the night by inhabitants of the area. Dumped waste in these
locations could remain for months to years pending when the neighborhood or the local
government mobilizes to evacuate the waste. Leachate from type B dump sites washes
into the road and drain to the neighborhood, and during the raining season, leachate from
these locations is drained into uncovered shallow wells.
22

Type-C or Open landfill: This is common of urban areas. The dumped wastes are located
at abandoned excavated pits, depressed land and truncated valleys (Figure 5). These
waste dumps allow free movement of leachate into the subsurface; no sanitary or
engineering principle is applied to the landfill. Wastes arriving at these dump sites are
mixed, and include domestic waste, factory waste, expired goods and electrical waste.
This can be classified as the largest dump sites and the most hazardous compared to types
A and B dump sites.Both vertical and lateral movement of contaminants released at these
sites take place predominantly in the subsurface, at a rate directly controlled by porosity,
transmissivity, hydraulic conductivity, and pH. Other factors that would affect the rate of
transportation and groundwater pollution in the cities is the depth of groundwater table,
the cities located within the Warri Deltaic plain sand, where hydraulic characteristics and
other factors mentioned above favor both vertical and lateral transport of contaminants
thereby, making water resources within and around the two cities highly vulnerable to
pollution.
With increasing urbanization, resulting in increasing usage of electrical waste and
the lack of proper disposal of paint containers, car batteries, lamps and hospital
equipments in Warri and environs, the expectation of high concentrations of heavy metal
in soil and surface water at waste dumps and possible migration of such to the
proliferated shallow wells are apparent.
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2.3 Water Sampling
Water sampling from selected wells and taps in Warri and Effurun was a two (2)
day exercise. Water samples used for the laboratory analysis were drawn with the aid of
clean buckets from wells and transferred into 2.5 liter plastic containers. Water samples
from taps were collected directly from the tap into 2.5 liters plastic containers, after
allowing tap to run for a while (Figures 6 and 7). Prior to sampling, plastic containers
were rinsed with water to be sampled and treated with 1.5 Ml of concentrated HNO3
(Radojevic and Bashkin, 1999). A total of eighteen (18) water samples were taken from
sampling stations within five (5) to ten (10) meters away from dump sites (Figure 8).
Two water samples were collected from each location, identified as Tap (A) and Well
(B). Each location is chosen based on nearness to waste site.
From on site investigation it was discovered that the depth of wells ranges from 3
m to 5 m. It was also discovered that some of the inhabitants of this area drink this well
water, without proper purification, especially those from low income areas. Investigation
also revealed the depth of tap water ranges from 20 m to 53.5 m.
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Figure 8 Map of the study area showing sampling sites
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2.4

Water analysis
Laboratory analyses were carried out in Warri Refinery and Petrochemical water
laboratory and Light House Engineering laboratory, on water samples drawn from 9
wells and 9 privately owned taps. Temperature and pH of samples were determined in the
field using a MP230 ph meter for pH, and mercury thermometer was used for measuring
temperature. Total suspended solid (TSS) was determined by recording the increase in
weight of dried glass fiber filter paper with pore size of 5Um after 100M1 of sample was
filtered by suction, dried at 110°C and weighed until a constant weight was obtained
(Bertram and Balace, 1996).
Total dissolved solid (TDS) was determining by measuring portions of water
samples and filtering through a standard glass fiber filter and the filtrate evaporated to
dryness in weighed dishes and dried to constant weight at 180°C. The increase in dish
weight represents the total dissolved solids. Conductivity was determined with MC226
conductivity meter, while the Atomic Absorption Spectrophotometer (AAS) Perkin
Elmer 3110 was used to determine the trace metals levels in sampled water ( Pb, Fe, Zn,
and Hg ) (Figure 8 ). The results are presented in Table 2a and 2b.

Figure 9 Water sample analysis
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the Somebreiro-Warri Deltaic plain sands which consist of fine to medium and coarse
unconsolidated sands is approximately 120 m thick (Olaboniyi, 2006) which was used in
the model.
The hydraulic properties required as input data for the steady-state simulation of
groundwater flow are the horizontal and vertical hydraulic conductivity of the aquifer.
The hydraulic conductivity values specified in the flow model were assigned on the basis
of aquifer test, lithology, and the geologic information. The Benin Formation is directly
beneath the Warri deltaic plain sand, Okagbue (1989) reported hydraulic conductivity of
7.2 x 10' to 2.4 x 10' m/s derived from pump test analysis. In the current study, the
hydraulic conductivity of sand, which varies from 3.82 x 10' to 9.0 x 10' m /s
(Olobaniyi, 2006) will be used.
The annual average rainfall is about 3000 mm. The average evapotranspiration is
placed at 1000 mm, having an effective rainfall of 2000 mm, with 37 % known to
recharge the subsurface aquifer (Ophori, 2007).

2.5.2

Flow Simulation
Groundwater flow in the numerical model developed for the deltaic plain sand
was simulated with a three dimensional finite difference groundwater flow model based
on the U.S. Geological Survey finite-difference code, MODFLOW (Mcdonald and
Harbaugh, 1988). MODFLOW is embedded in the Groundwater Modeling System
(GMS) package. The finite-difference grid representing this area was discretized into 15
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The most probable number technique was used to determine the presence of
microbial bacteria in sample water. The confirmed coliform numbers per 100 ml were
estimated from the MPN table (Table 2b).
2.5.
2.5.1

Groundwater Flow and Transport Modeling
Conceptual model
The conceptual framework model used to construct groundwater flow model in
the research includes the geology, groundwater domain geometry, physical hydrologic
characteristics, topography and hydrological boundary conditions. Warri and Effurun, the
two cities considered for the study, cover an area of about 1500 km2. The area is bounded
by the Warri River to the west, east and south and to the north by its tributaries (Figure
lb). The topographic base map was reproduced from Shell Petroleum Development
company base map covering the model domain (Figure 10), with an average elevation of
6 m (Ophori, 2007). Groundwater elevations were determined from accessible wells, but
most wells in the study area are privately owned and are inaccessible for studies. GPS
was used to measure well site elevation and depth to water was directly measured from
existing wells, using a water level tape.
The accuracy with which a natural aquifer system can be simulated depends on
the initial parameters and assumptions. Available hydraulic conductivity data indicate
that the Warri deltaic plain sand may be assigned a higher value than the Benin formation
because permeability commonly decreases with depth (Ophori, 2007). The lithology of
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cells in the x-direction by 15 cells in the y-direction. Each grid block used was ( l x l km)
in size (Figure 11). The model area was subdivided vertically into five layers of variable
thickness that extended from the ground elevation to the top of the Benin Formation.
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Figure 11 Grid design for computer simulation
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The upper boundary of the model is the water table, which was derived from field
data to reflect the surface topography. It was assigned variable recharge from
precipitation and River Warri (Olobaniyi and Owoyemi, 2006). The depth of 120 m of
the Warri Deltaic plain sand is considered the lower boundary of the model. The
southern, western and eastern boundaries of the grid coincide with the Warri River. For
this boundary, constant head boundary condition was used based on water levels
monitored from wells. Steady-state conditions were assumed. The three-dimensional
groundwater flow model was then assessed from these boundary conditions, and
hydraulic properties. Recharge in the area has been known to be principally from
precipitation (Ophori, 2007).

Table 1 Description of the layers
Model

Top

Bottom

Layer

Elevation

1

Elevation

Lithologie
Description
of Layer

Horizontal
Hydraulic
Conductivity(m/d)

Vertical
Anisotropy

9

-40

Medium

12

3

2

-40

-70

Medium

12

3

3

-70

-100

Medium sand

12

3

4

-100

-116

Medium sand

12

3

5

-116

-125

Medium
fine sand

12

3
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A steady-state model assumes that the hydrogeological system has the rate of
inflow of groundwater at any hypothetical location in the system that is equal to the rate
of outflow (McDonald and Harbaugh, 1988). The steady state model was calibrated using
the hydraulic head in eighteen wells in Warri and Effurun, and piezometric surface
developed by (Olobaniyi at el. 2006).
2.5.3

Advective transport
To understand the groundwater flow pattern in Warri and Effurun, a particle
tracking analysis was conducted to trace the flow pathway, path lenghts and travel time.
In this study,

particles were located in the following selected model cells, which

represent the foilwing towns within the study area: Ekpen Town, Uti Street, Ugboroke,
Ugborikoko, Okumagba layout, Ekurede Urhobo and Ekurede Itsekiri. Backward
tracking of particles was used to delineate capture zones, Particles are considered to be
moving at the same rate as the water flows.
In particle tracking, a hypothetical particle is placed at a particular location and
tracked through the velocity flow field at successive intervals of flow time. With the aid
of the particle tracking model, it is possible for particles to be tracked forward in time as
it moves down gradient from a given location or reverse backward tracking in time from
where it originates (Barry et al., 2008). The model can also be used in locating the
source of water contributing to a well as well as potential sources of contamination.
MODPATH is a particle tacking computer code developed by Pollock (1994) which can
be used in calculating travel times and travel paths. Particles were
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tracked from

contaminated point to the wells, and their exit revised tracking for times corrisponding
1V2 and 3 years of travel times and a maximum extent capture zone, correspoding to
maximum travel time was attained within the entire period of simulation.
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CHAPTER THREE
3.0

RESULTS AND DISCUSSION

3.1

Introduction
In order to protect human health, guidelines for the physicochemical and heavy
metals in water have been set by various international organizations such as the USEPA,
WHO, EPA, European Union Commission (Marcovecchio et al., 2007). Thus, heavy
metals have maximum permissible levels in water as specified by these organizations.
The maximum contaminant level, with an adequate margin of safety to ensure no adverse
effect on human health (Momodu, 2010), is the highest level of a contaminant that is
allowed in a water system. The four trace elements analyzed in this research are: lead,
mercury, zinc and iron, having maximum contaminant levels of 0.05 mg/1, 0.002 mg/1, 5
mg/1 and 0.3 mg/1 respectively.
Other parameters analyzed in the study include TDS, TSS, Conductivity pH and
total coliform. In a total, eighteen (18) water samples were collected from shallow wells
and boreholes.
The summary of dissolved element concentration in groundwater around the
waste dump sites in Warri and Effurun were outlined with drinking water standards
proposed by the Environmental Protection Agency (USEPA, 2009), and World Health
Organization (WHO, 1991) (Table 2a and 2b).
The result from this study showed that the water samples had pH values ranging
from 4.31 to 7.90 from wells and taps, with most of the samples slightly acidic (USEPA,
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2009), which is as a result of dilution by leachates (Owuame et al., 2005). Borehole water
supply is regarded as safe as higher percent of the population in Warri and Effurun rely
on this source of water supply. From this study, it can be said that though most of the
water from wells and boreholes are generally considered as pure and safe, the water may
not be as safe as it ought to be. The variability of concentrations of Pb 0.02-0.1 mg/1 as
well as the presence of high total coliform in the water suggests local anthropogenic input
sources through domestic, municipal and industrial wastes from the various dump sites.
The high concentrations at some of the sites suggest a high element input into the water
in these areas, which is probably from the dump sites (Omotayo, 2006).
The study also corroborated a direct relationship between total dissolved solids
(TDS) and electrical conductivities of the water. Total dissolved solids (TDS) exceeded
WHO and USEPA limits of 500 mg/1 for drinking water in 80% of the samples from
shallow wells. This indicates the unsuitability of some of the water for drinking purposes.
High TDS can cause undesirable effects such as gastrointestinal irritation (Plunkett,
1976).
The TDS values recorded from samples, were below the acceptable WHO and
USEPA limit of 500 mg/1, with the exception of location B2, B5, B6, B7, B8 and B9
(Figure 13). The increase in TDS at the six (6) locations can be attributed to their
nearness to the dump sites (Efe, 2005).
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The values obtained for TSS range from 4 to 18.4 mg/1. TSS in all the wells
sampled and 50% of the taps sampled are above the maximum acceptable limit of 5 mg/1,
recommended by the World Health Organization (Table 2 ).
Most shallow wells have been noted to be affected by flooding, effluent discharge
and infiltration. Solids in water are defined as any matter that remains as residue upon
evaporation and drying at 103°C (Orisakwe, 2010). Electrical conductivity EC values
varied between 32.2 -123.6 pern in tap water and 130- 736 pern in wells. EC gives a
measure of water conductivity, which in turn relates to the concentration of inorganic
constituents in water. Conductivity values recommended for drinking water ranges from
50-1500 pern (Radojevic and Bashkin, 1999). While 400pcm limit is recommended by
the World Health Organization , higher values were obtained at locations B3, B5, B6,
B7, B8 and B9 (Figure 15). On the basis of the low conductivity the water can be
classified as fresh (Todd, 1980).
Coliform presence in drinking water indicates pathogenic organisms usually
found in surface water, soil and feces of humans and animals, but should not be found in
drinking water. An important observation in this study was that the bacteriological
quality was found to be above the level required for portable water. Sample water
analyzed from 9 wells is higher than the maximum acceptable limit of 0 (Figure 17).
Human waste contaminant in water causes water-borne diseases such as diarrhea,
typhoid and hepatitis (Root et al., 1982, USEPA, 2002). The presence of coliform in all
water samples from the shallow wells is an indication of poor sanitary conditions in the
study area (Warri and Effurun). Inadequate and unhygienic handling of solid waste in the
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study area could have generated the concentration of the microbial organisms (Agbu et
ah, 1988).
3.2

Trace Metal Level in Sample Water
This study revealed that Pb, and Fe in most water from shallow wells exceeded
the guideline established by United State Environmental Protection Agency (USEPA,
2009) and the World Health Organization (WHO, 1991) for portable water. Related work
done in other parts of the country revealed high concentration of some water pollutant
(Efe et al., 2005). Asubiojo et al. (1997) found concentrations of toxic metals in the range
of 0.06 to 1.1 pg/1 for Cd , 0.23 to 54 pg/1 for Cd, and 0.61 to 14 pg/1 for Pb in boreholes
and hand dug wells. These concentrations of Pb and Cd were attributed to anthropogenic
influence such as small-scale entrepreneural activities, which include open-air solid waste
combustion.
Results of the analysis of trace metals in water samples are presented in Table 2a
and 2b and (Figures 12). Water samples analyzed for lead at seven of the eighteen (18)
locations were higher than the (USEPA) limit for standard drinking water of 0.015 mg/1
(Figure 12). Pb level in other sample locations are lower than the recommended limit.
The level of lead (Pb) obtain from sample water analyzed varied between 0.01
mg/1'1to 0.1 mg/l'1 (Table 2). However the detection of 0.02 to 0.1 of this metal at some
locations (Bl, B2, A3, B6, A7, B7 and B8) (Figure 12) is of concern to people
consuming the water, given the fact that Pb is considered toxic to most forms of life
(USEPA, 1998). It has been found to be responsible for a number of ailments in humans
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such as chronic neurological disorder and retardation especially in foetus and children
(Spahn and Sherry, 1999).
Lead has also been implicated as an endocrine disruptor affecting physiological
processes even at very low concentration, especially during growth (Spahn and Sherry,
1999) The impacts of these metals are in most cases not immediately apparent, but
manifest by disrupting enzymatic and metabolic activities resulting in nutrition,
developmental and immunological problems (Omotayo, 2006).
Concentration of iron in water samples varied between 0.02 - 0.75 mg/1 (Figure
12). Higher levels above the (USEPA, 1998) standard of 0.3 mg/1 for drinking water was
observed in location B5, B6, B7, B9.

Concentration of mercury (Hg) in both wells and borehole water samples ranged
between 0.001 - 0.002 mg/1 which is below 0.002 mg/1 (USEPA, 1998) limit for drinking
water.
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Table 2a and 2b Analysis of water samples from Warri and Effurun (mg/1)
sa
mple
Loc.(Tap)
A1
A2
A3
A4
A5
A6
A7
A8
A9
Mean
STD
WHO
USEPA

Fe
0.09
0.05
0.08
0.02
0.09
0.09
0.06
0.05
0.08
0.067
0.024
0.3
0.3

Pb
Zn
<0.01 0.04
<0.01 0.03
0.02
0.02
<0.01 0.02
<0.01 0.18
<0.01 0.04
0.03
0.03
<0.01 0.02
<0.01 0.02
0.013 0.044
0.007 0.051
0.05
5
0.015 5

Hg
0.001
0.001
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
0.002
0.001
0.000
0.002
0.002

TDS
116
32.1
410
44.1
61
33.4
28.2
24.2
30
86.55
124.6
500
500

TSS
7.2
4.5
4.9
9.8
11
4
4.5
5.2
5.9
6.33
2.50
5
5

Conductivity
233
33.77
215
88.4
123.6
35.6
32.2
64.2
56.3
98.00
77.3
250pcm
50-500pcm

pH
6.36
6.52
6.7
6.76
6.85
4.6
5.1
7.92
6.5
6.36
0.979

T.Coli
0
0
0
0
0
0
0
0
0
0

PH
4.48
6.01
6.15
4.31
6.28
6.82
6.06
5.97
5.8
5.7
0.82

T.Coli
1.2
0.8
0.5
0.9
1
4
3.4
1.9
1.5
1.6
1.21

6.58.5

0

0
6.5-8.5 0

Table 2a

sample
Loc.(Well)
B1
B2
B3
B4
B5
B6
B7
B8
B9
Mean
STD
WHO
USEPA
Table 2b

Fe
0.11
0.19
0.12
0.23
0.75
0.8
0.6
0.09
0.53
0.38
0.28
0.3

Zn
TDS
Pb
Hg
0.04 0.04 <0.001 64.6
0.07 0.05
0.002
510
<0.01 0.14 <0.001 285
<0.01 0.11
<0.001 57
<0.01 0.02 0.002
541
0.04 0.02 <0.001 605
0.1
0.01
0.002
690
0.06
0.02 0.002
575
<0.01 0.02 <0.001 610
0.038 0.047 0.001
437.4
0.03
0.04 0.000
240
0.05
5
0.002
500

TSS
18.4
12
14
15.5
10.4
14
16
5
9
23.8
35.6
5

Conductivity
130
412
571
115.1
573
722
665
736
725
516
245
250p,cm

0.3

0.015

5

50-500pcm

5

0.002
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Figure 12 Bar charts showing trace metal concentration in sampling sites taps: red
and blue arrows show where lead and iron exceed USEPA standards.

Figure 13 Bar charts of TDS in sampling sites: purple arrows show where TDS exceed
USEPA standard
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TSS

A l B l A2 B2 A3 B3 A4 B4 A5 B5 A6 B6 A7 B7 A8 B8 A9 B9
Sampling sites Taps A Wells B

Figure 14 Bar chart of TSS in sampling site: brown arrows show where
TSS exceed USEPA standard

Conductivity

Sampling sites Taps A Well B

Figure 15 Bar charts of conductivity level in sampling site: arrows
show where conductivity exceed WHO standard
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pH

c
uo
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Sampling sites Taps A Wells B

Figure 16 Bar charts of pH level in sampling site

Figure 17 Bar chart of total coliform concentrating in sampling sites
(wells)(mg/l) show where total coliform exceed USEPA standard
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3.3

Flow Simulation
From combination of fieldwork, literature review, groundwater analysis and
groundwater modeling, the hydrologic conditions of Deltaic Plain sand around Warri and
Effurun were reproduced. Flow direction and the general orientation and distribution of
hydraulic heads in the study area correspond to the pattern developed by (Acheapong and
Heess, 1998) using surface elevations and static water levels in wells (Table 3). In the
five layers, flow is predominantly downward with major horizontal motion to the
south/southwest. Figure 20a-d shows the flow vectors observed in layer 2 to 5.
Groundwater flow pattern is dominated by local flow systems with recharge areas
alternating with their adjacent discharge area (Figure 21 and 22). In the central part of the
study area, groundwater discharges in the western and eastern part of Warri and Effurun.
(Figure 19). Areas of divergence or convergence of these vectors corresponds to recharge
and discharge areas of the local systems (Ophori, 2007).
Flow simulation is used to estimate components of groundwater flow system such
as groundwater inflow, outflow, head distribution and flow patterns. Simulations provide
information that enables an understanding of the interactions between the components of
the groundwater flow system and surface water system such as sources of recharge and
areas of discharge in Warri and Effurun.
Figure 19 shows the flow vectors observed in the study area, which are within the
following towns. Ekpen Town, Uti Street, Ugboroke, Ugborikoko, Okumagba layout,
Ekurede Urhobo and Ekurede Itsekiri. The central part of the study area, which consists
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of four major towns Ugboroke, Ugborikoko, Okumagba layout and Ekurede Urhobo from
the simulation model

shows downward flow, which

identifies them as recharge

area(Figure 21). There is upward and horizotal flow along the various columns and rows.
3.4

Model alibration
The model was calibrated by using hydraulic conductivity values obtained from
groundwater studies done in the study area. Groundwater flow in the study area was
compared to one obtained from the work of (Olobaniyi et al., 2006), who did the
characterization by factor analysis of the chemical facies of groundwater in the Warri
deltaic plain sands aquifer. The relationship between observed and the model calculated
water levels in wells (Figure 18) shows a high degree of calibration of the model. In the
model calibration process, simulated water levels in about 80% of the wells were very
close to the measured water level and about 20 % of the wells water levels were
considered acceptably close (Figure 18). The measured versus simulated water levels
were plotted on a graph to show how the values matched.
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Figure 18 Scatter diagram showing model calibration
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3.5

Particle Tracking
In this study, the delineated capture zone refers to all the areas within the model
that contribute flow to one or more referenced wells. Particles were tracked from dump
sites to well location using the MODPATH module of the GMS Package. The tracking
method reveals local movement of water from Uti

and PTI road in Effurun to

Ugborikoko and Ugboroke due to difference in hydraulic head at Uti in Effurun and Udu
road in Warri due to elevation difference. An extensive capture zone was observed lying
to northeast and southeast Warri and Effurun (Figure 23a). Shallow wells with the
capture zone have the potential to receive and release contaminating particles from dump
sites which are considered contaminated sites in these studies as shown by the various
releasing wells (Figure 23a and 23b).
The shallow wells around the central part of Warri Okumagba layout, Ekurede
itsekiri and Ekpen town in Effurun in the direction of groundwater flow will first collect
contaminant particles during pumping (Figure 23a), then release particles into the capture
zone for other wells to collect. This implies that particles can migrate within the capture
zone, propagating between wells, groundwater, and the local stream located within the
capture zone, which make up of major town in the two cities.
The four wells releasing particles are located at (x5, y3), (x5, yl2), (x8, ylO)
Ekpen, Ekurede Itsekiri and Okumagba layout. (Figure 23b). Wells in Ekurede itsekiri
and Ekpen interact with the Ekurede Urhobo (Figure 23d), and release particles to the
capture zone, while Okumagba wells receive particles from the capture zone, and could
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release particle outside the capture zone. From the particles tracking, it is observed that
contaminant located in dump site in Ekurede Itsekiri (Figure 23a) will be transported to
wells in Okumagba layout, Ugboroke, Ugborikoko, Okere, and some part of Effurun.
Also contaminant located in dump site in Ekpen, will be transported to wells in Japka
road, Ekpen New layout, Uti, PTI area and Effurun GRA.
From the section view across Column 5 (Figure 23d), contaminants located in
Ekurede Itsekiri and Ekpen town, will be transported to wells located in towns along that
axis, they include, Ekurede Urhobo, Edjeba, and Umah Village. Most shallow wells
located within the capture (Figure 23a) will be contaminated with containment transport
from Ekpen town and Ekurede Itsekiri and Okumagba layout. The particle tracking also
reveals travel time and length of releasing particle from wells at Ekurede Itsekiri will take
a total length of 1579 m, with total time of 2122 days. And from Epken well, it will take
travel time of 1084 days and length of 144 m.
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S/N

G.P.S LOCATION
WARRI AND EFFURUN.

ELEVATION
(,E”
(m)

1
2
3
4
5
06
7
8
9
10
11
012
13
14
15
16
17
18
19
20

Ebrumede
Effurun Police barrack
PTI Road by NEPA
Jakpa Road
Enehren town
Udu Road
Ekpan town
Edjeba
Ugboroke
Olomu-Okere Warri
Ajamimogha
Olu Palace
Ekurede Itsekiri
Esisi Road
Ogunu
Odion
Ugbuwangwe
Ugborikoko
Ekurede urhobo
Okumagba

12.0
11.8
12.3
12.5

12.2
13.5
11.5

10.8
10.9
9.5
9.5

8.0
8.0
10
9.5
9.2
7.2
10.3
7.9
9.8

Depth to Water level
in shallow well Dsw
(m)
3.0
3.3
4.3
4.5
4.7
4.5
4.0
3.8
3.9
3.5
3.0

6.5

2

6.0

3.0
3.5
3.5

5.0
6.5

2.2
2.2
3.3
2.4
3.3

Static water level
SWL=E-DSW
(m)
9.0
8.5

8.0
8.0
7.5
9.0
7.5
7.0
7.0

6.0

6.0
7.0
5.0
7.0
5.5
6.5

Table 3 Field data for static water levels and elevation Warri and Effurun
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Figure 19 Layer 2 Showing simulated areas with towns
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View the Z axis (depth)
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Figure 20c Layer 4
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Figure 2Od layer 5

Frontal View Row i axis

Discharge area

Recharge area

Discharge area

Figure 21a section through Row 1(Figure 19) Arrows show flow
vectors
Recharge area

Figure 21b section through Row 4 (Figure 19) Arrows show flow
vectors
Recharge area

Figure 21c section through Row 6 (Figure 19) Arrows show flow
vectors
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Frontal view column axis area
> N

Figure 22a Section through Column 1 (Figure 19) the arrow show
groundwater flow direction

Figure 22b Section through Column 4 (Figure 19) the arrow show
groundwater flow direction
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Figure 22c Section through Column 6 (Figure 19) the arrow show
groundwater flow direction
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3.6

Flowpath pattern analysis
Groundwater simulation (Figure 14) show that groundaweter in Warri and
Effurun flows toward Ekpen, Warri center and Ekurede Itsekiri. Groundwater flows
southeast from PTI area and Uti in Effurun to Okumagba layout and Ekurede Urhobo.
Flow magnitude and direction are shown for the central part of the study area (Figure 19).
The

figure show that flow magnitudes have been enhanced by the continnous

groundwater flow from southeast and northeast of the study area.With an increase in the
number of pumping wells in the study area, over time may result in a significant shift in
grounwater flow direction. (Pint et al., 2003).
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Figure 23a Groundwater flow model and particle tracking and capture
zone.
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Figure 23b Backward particle tracking well in Warri and Effurun.
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Figure 23 c Forward Particle tracking of wells in Warri and Effurun

Figure 23d Section across column 5
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CHAPTER FOUR
Summary, Conclusion and recommendation
4.1

Summary/Conclusion:
This study aimed at determining flow pattern and contaminant transport from
dump sites to groundwater in Warri and Effurun, Delta State, Nigeria. Well and tap water
samples were collected and analyzed to determine whether they meet WHO and USEPA
standards. A careful study of physico-chemical and bacteriological quality of
groundwater in the area of study was done. Four phases were involved in this study; the
field work, which involved a preliminary study of selected locations, water sampling for
chemical analysis involving testing for pH with the use of Mp 230 Ph meter, standard
analytical methods for TDS, and TSS. Atomic absorption spectrometry (AAS) was also
used for analyzing heavy metals, and simulation of groundwater flow was done to
understand flow “pattern” and how it may help distribute contaminants around the area
and determine vulnerability to contamination of shallow or deep wells.
The studies also aimed at determine if waste dumps have any influence in the
chemistry of water, by comparing the study with other studies done elsewhere in Nigeria.
The combined use of sample analysis, flow simulation and particle tracking in this
research was intended to achieve a proper understanding of groundwater resources, the
level, sources of contamination and type of contaminants present at sampled locations. In
the first part of the research, water samples were analyzed for eight physico-chemicals
and bacteriological quality of groundwater. Bar charts were drawn using the results of
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concentration of analyzed parameters in water samples to illustrate the level of each
tested parameter in Warri and Effurun.
From the analysis of water samples from the vicinities of dump sites several
factors may be attributed to the degradation in the quality of groundwater in Warri and
Effurun. Human activities as well as leachate from municipal waste sites are considered
as the sources of contamination in view of the components that constitute the dump sites.
The statistical results of groundwater quality data and comparison of data with
USEPA and WHO drinking water standards shows the following: total dissolved solids
(TDS), total suspended solids (TSS), conductivity, Fe, and Pb exceeded USEPA and
WHO limit for drinking water at some locations within the study area. TDS exceeded
USEPA values for drinking water in analyzed well water samples at

Ekpen town,

Ekurede Itsekiri, Ugborikoko, Okumagba layout, and Ekurede Urhobo. TSS level
exceeded USEPA values for drinking water in all well sampled, except at Ekurede
Itsekiri. Zinc and Mercury ranged from 0.02-0.14 mg/1 and 0.001-0.002 mg/1 in all
sampled water against the recommended USEPA and WHO limits of 5 mg/1 for Zinc and
0.002 mg/1 for Mercury, which is lower than the recommended limit in drinking water for
human consumption. On the basis of these results, groundwater from shallow wells in
most part of Warri and Effurun are classified as contaminated.
In the second part of the research, a 5 layer steady-state flow simulation model
was built from a conceptual framework model, comprising information from field data
and the general hydrogeology of Warri and Effurun. The model indicates that
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groundwater recharge occurs in the mid section, and flow outward into the Warri River
and surrounding area.
The simulation model (Figure 19), shows central part of the study area,
Okumagba layout, Ugborikoko, Ugboroko and Ekurede Itsekiri, known from the study as
recharge by rainfall. Chemical analysis reveals analyzed parameters tends to be higher
than (WHO, 1991) recommended limit for Pb, Fe, TDS, and TSS in the Groundwater in
the study area. Supposedly shows movement of contaminant that leached from dump
sites and flow with groundwater to shallow wells.
4.1.1

Comparison with other urban pollution studies
The results from water sample analysis suggest that urban areas are characterized
by major ion concentrations; often by trace metal concentrations where industries are
present and where the use of materials produced from heavy metals are not properly
recycled.
Other studies have been carried out in some Nigeria urban areas. Ikem (2002)
found high concentrations of major ions, nitrate and chemical oxygen demand in
groundwater near two waste sites in Ibadan and Lagos. (Olobaniyi et al., 2010) found
higher values of pH, total dissolved solids, conductivity, Ca2+, Mg2+, HCO3" CF and the
presence of coliform bacteria in groundwater in Warri and its environs. In relation to this
study, the presence of coliform bacteria, higher values for total dissolved solids and
conductivity is similar to result obtain from other studies, confirm the impact of waste
dump sites on groundwater in this study.
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4.2

Conclusion
Some of the conclusions from the research conducted in this thesis are:
•

A 3-D groundwater flow model and contaminants transport pathway was
simulated in Warri and Effurun. The result shows the movement of particles from
northeast and central portion of the model, this signifies that groundwater along
the northeast and central portion of the study area will collect particles.

•

Particle tracking reveals a capture zone extending to the southwest of the area.
The 3-D model clearly indicates southwest and northwest flow. The central part
of the study area, Okumagba layout, Ekurede Urhobo, Ekurede Itsekiri
Ugborikoko and Ugboroke are considered highly populated with high
concentration of dump sites and shallow wells. By this means, particles can
migrate with the capture zone, which is reflected from the chemical analysis result
obtain in the study.

•

It is evident that indiscriminate dumping of waste on undeveloped parcels of
land and other factors such as agricultural activities and oil exploration has
considerably influenced groundwater in Warri and Effurun. The study revealed
slight percentage of Pb, and Fe, and high TDS and TSS in some water samples
around dumpsites compared to USEPA (2009) standards.

•

Coliform bacteria were absent from the results of analysis of tap water. This water
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is derived at deeper depth, compared to hands dug wells which are at shallow
depth. This shows that groundwater at deeper depth is devoid of coliform, but
coliform was detected in all shallow wells water that was analyzed in the Warri
and Effurun areas.
•

Based on WHO (1991) and USEPA (2002) specifications, groundwater at shallow
depth,

usually at the point of groundwater extraction cannot be regarded as

potable owing to the presence of coliform bacteria. Drinking water from shallow
wells is common in the area and potent great risk to human being.
•

Results of the analyses of groundwater samples collected from taps and hand-dug
wells in Warri and Effurun shows the water to be slightly acidic to neutral on the
basis of the pH values which ranged from 4.3 to 7.9.

•

Conclusively, the water contamination is related to anthropogenic sources mostly
from different wastes within the dumpsites

are domestic and municipal

originated

4.2

Recommendation.
•

Based on flow pattern in the aquifer system in Warri and Effurun, it is
recommended that landfills should not be sited or encouraged within the vicinity
and center of the major portion of the study area in order to reduce groundwater
contamination by domestic waste.
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•

Based on groundwater simulation, which shows the recharge of groundwater from
rainfall, it is recommended that wells and boreholes sited in the area should be
deeper (>200ft <300ft) to reduced the risk of citizens being constantly exposed to
water bore disease.

•

Soil investigation should be carried out in Warri and Effurun to determine suitable
sites to locate a major landfill, which can serve as waste management problem for
the two cites. It will reduce the high rate of indiscriminate dumping of waste and
help the Government develop an effective waste recycling program.
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